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EAMPLING I'LAN FOR THE FEASIBILITY STUDY FOR THE QUARRY RESINIATS OFERAGLE UNIT
AT THE WELDON SPRING SITE, WELTHYN SPRTNG, KIKNOLURL L5257

ABSTRACT

The Quarry Residuals Operable Unit is one of four operable units comprising the Weldon
Spring Site Remedial Action Project. The components of this operable umit arc: (1) the residual
material remaining at the Weldon Spring quarry after removal of the bulk waste; (2} other media
located in the surrounding vicinity of the quarry, including adjacent soil, surface water, and
sediment in the Femme Osage Slough and several surrounding creeks; and (3) groundwater at the
quarry that extends south of the Femme Osage Slough. This sampling plan describes the soi,
groundwater, and surface water sampling that will be conducted at the Weldon Spring quarry to
provide data to support the Feasibility Study for the Quarry Residuals Operable Unit. The iwo
tasks are (1) determination of distribution coefficicnts (Kds) i the alluvial materials, and (2)
isotopic oxygen (¥ O and * Q) and isctopic hydrogen " H and ' Fl} comparisons for groundwaler
in the bedrock, alluvium, and Missouri River. This plan will outling the sampling methods,
locations, and analysis for each task, Quality control and standard operating procedures will also
be discussed.

I IR S4B, REY. O ik
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HAMPLING PEAN FUE THE FEASIRILITY 510110 KO THRE QUARRY RESIDUALE OPFREATBLE TNIT
AT THE WELDON BPRING SITE, WELDON SFRING, WIS S0OURT 25T

1. INTRODUCTION

This plan describes the soil, groundwater, and surface water sampling that will be
conducied al the Weldon Spring Quarry to provide data for the evaluation of remedial alternatives
for groundwater south of the quarry. The purposc and methodology for this additional data are
outhned under this plan,

1.1 Purpose and Scope

The purpose of this plan is to outline the objectives for the Lwo tasks which are necded to
support the Feasibility Study for the Cuarey Residuals Operable Unit (QROU). The two tasks
are {1) determination of distribution coefficients (Kds) in the alluvial materials, and {2) sotopic
oxygen {** O and ' 0) and isotopic hydrogen (° H and ' H) comparisons for groundwater in the
bedrock, alluvium, and Missouri River, This plan will outline the sampling methads, locations,
and analyses for each task. Quality control and standard operating procedures will also be
discussed.

The scope of the first task is to obtain groundwater and soil samples using a vehicle-
mounted, hydraulically-powered. soil probing machine, in order to obtain soil and groundwater
samples from the same interval at each location. These samples will be used to determine site-
specific distribution cocfficients for uranium.

The scope of the second task s to sample groundwater utilizing existing monitoring wells
and surface water for the determination of a mixing zone in the alluvium souih of the quarry. Ths
mixing boundary will be determined by comparing the oxygen isotope ratios (" O: '* O} and
hydrogen isotope {2 H:;' H) tatios at selected bedrock and aluvial wells in the quarry area and the
Missourt River,

1M IR S48-64F, R, 0 1



EAMILING PLAN FOR TIIE TEASIBILITY STUDY FOR THE QUAKRY RESIDUALS QPLERARLE UMNIT
AT THE WELDON STRING 3ITE, WELDON SPRING, MISSOURL G258

1.2 Previous Sampling Activities

[.2.1 Distribution Coefficients

Site-specific Kds have not been established for any of the quarry media. A summary of
Kds that have been used for the quany is presented in Table 1-1. Many of these Kds were
derived from sorption coefficients calculated using Kds from literature for rock and soil, however,
the actual Kds were not presented in the ariginal report (Ref 1}, Kds for the upland speils were
esiimated [rom siudies pertormed at the chemical piani on unconsolidated malerials in thal area
(Ref 2).

Table 1-1  Distribution Coefficients for Uranium

RALCDIA kKd [mlfg] SORPTION COEFFICIENT REFERENCE
Frociured lunestone Q.04 1.1 Bza, 1984
Alluvium 1.1 J.b BA 1984
Clay &.7 356.4 BA 1984
Ugaloined Scyils 19,7 - 437 -— Schumacher 1993

Sorption coefficients [a] were denved using the fallowing equation [BGA 1984):

Q = pa f{1-0)

where: kd = distribution coefficient
e = Eaulk clensiby
{ = effective parasity

1.2.2 " 0: YO and *H:'H Ratios

Site-spectfic oxygen and hydrogen isotope data have not been collected for any of the

quarry media.

DOEAOR215AR-699, BREV, 4




SAMPLING PLAN FOR TIIE TEASIBILITY STUDY FOR TIIE QUARRY RESIDUALS GFERADLE UNIT
AT THE WELTHIN SPETNG S8TTE, WELTWYN SPRTNG, MISSOURT B 507

1.3 Sampling Objectives

The objectives for each sampling task are presented below.

1.3,1 Dustribution Coefficients
Groundwater and soit sampling wilt be conducted to meet the following objectives:
. Determine the uranium concentrations in seils at selected locations and depths,

. Determing the uranium concentrations in groundwater from the same locations and
depths as the above soil samples.

. Establish the relationship between the uramum levels in soil and groundwater at
each location and depth interval.

» Determine if these relahonships correlate to soil iypes and/or sample locations.

1.3.2 ™0: "0 and > H:' H Ratios
Groundwater sampling will be conducted to meet the following objectives:

. Determine the 0, ¥ 0, “H, and ' H levels in groundwater in the bedrock,
alluvium north of the slough, and Missouri River alluvium,

. Determine the "0, '* 0, H, and ' H levels in the Missouri River.

. Establish the ratios for ** O and " O and *H and ' H for the upland eroundwater
(bedrock), alluvial groundwater, and the Missoun River,

DO 348690, REV. 1) 1
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. Compare the ™ O and '* O and “H:' H ratios Lo determine if they can be used to
calculate mixing ratios lor the upland groundwater and Missoun River.

LHOEOR 21 348698, BEY. 4




SAMPLING PLAN FOR THE FEASIDILITY &TUDY FOR TIE QUARRY RESIDUALS OFERARLE UNIT
AF THE WELDON SFRING SITE, WELTMIN SPRING, KI5 S0OUTRL 55T

Z. SAMPLING REQUIREMENTS

This section outlines the sampling method and locations for the two tasks. The volume of
sample required and sample preparation for specific analyses are also sunomarized in thes section.

2.1 Distribution Coefficient Determination

2.1.1 Sampling Method

A vehicle-mounted hydraulically-powered soil probing machine will be utilized to obtain
soll and groundwater samples at each location, Eqguipment to be utilized will be Greoprobe® or
equivalent. Standard operating procedures (SOPs} for the (reoprobe @ equipment will be
followed. The applicable SOPs are provided in Appendix A,

2.1.1.1 Soils

Samples will be collected from specified depths using a discrele sampler. Liners (clear
plastic) will be used to maintain and store samples. The SOP for the Ceoprobe® Large Bore Soil
Sampler - Diserete fnterval Soif Sampler (Ref 3} will be followed during sampling activities.

2.1.1.2 Groundwater

Samples from north of the siough will be obtained by using temporary well points. These
well points will be consirucied of l-in. diameter polyvinyl chloride (PVC} (Schedule 40) tubing
with a 36-in, screened section pushed by the sampler into the boring used to obtain the soil
sample. A steel drive point will be attached to the end and the push rods installed through ihe
PV for installation. Temporary well points are necessary due 1o the low hydraulic conductivity
of the materials in this area and some development will be necessary to obtain water. Several
samplings may be necessary to oblain the necessary sample volume. These well potnts will be
removed prior to 30 days in accordance with 10 CSR 23,

DOEAOR1 348604 BEV. 0 5
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AT THE WHLIDON SPRINCT 3TTE, WELOY SPEING, MIBEOLUR] 62537

South of the slough, samples will be obtained by using a screen pownt groundwaler
sampler, Due to the higher conductivities of the alluvium, temporary well points will not be
required. The SOP for either the (reoprobe® Screen Point Groundwater Sampler (Ref. 4) or the
Ceoprobe® Screen Poimt 15 Growndwater Sampler (Ref, 5) will be followed during sampling
activities, The water will be obtaimed adjacent to the location of the soil boring.

2.1.2 Sample Locations

Soil and groundwater samples will be obtained from five locations north and south of the
slough (Figure 2-1). These locations have been selected to represent the width of the uranium
plume north of the slough and the potential migration pathways south ol the potential migration
pathway south of the slough. These locations and the samphng intervals are summarized in
Table 2-1. Depths and sampling intervals were determined from previous investigations and
current groundwaler dala.

Table 2-1  Sampling Lacations and Intervals for the Determination of Kds

OEFTH TO TOP OF DEPTH TC SAMPLL INTEEVAL | SAMPLE INTERVAL
LOCATION ROCK () GROUKDWATER 1 2
GRIB-001 20 a 5-10 18 20
CHRIB-002 15 5 8-10 13-15
CIRSB-003 12 3 3-35 10-12
GrRAB-004 70 |3 [4- 14 48 - 40
CRIB-005 S0 14 14-14 48 - 50

Sample intervals are selected based on lithology in the scil boring, screencd interval of
nearby wells, uranium concentrations in nearby soil borings, depth to the top of bedrock, and

DOEAOR21548-690, REV.D &
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SAMPLING PLAN FOR THE FEASIBILITY 1102 FORE THHE (UARBY RESTDNTALS OPERADLE UNIT
AT THE WELDGN SPRING RFTH, WHTIION SPRING, MISSOURI (2587

depih to groundwater. Sample intervals are selected to meet the following requirements for cach
boring and should represent:

Different soil types (1., clay, silt, or sand) in each boring.

. The uranium concenirations monitored in nearby wells m al least cne sample
interval,
. The highest uramum concentrations momitored in a nearby soil borng 1n at least

one sample interval,
. The s0il type located directly above the bedrock in the lowest sample interval.
» Saturated conditions.

Soil boring locations are approximate; exact locations will be determined in the field based
on accessibility, These locations will be surveyed after sampling activities have been completed.

2.1.3 Sample Preparation

Sample collection and labeling will be performed in accordance with procedures
ES&H 4.4.1, Groundwater Sconpiing and ES&H 4.4 5, Seil:Sedimemt Sampling.

Soil and groundwater sample containers, volumes, and preservation requiremecnts are
histed in Table 2-2.

Table 2-2  Kd Deftermination Sampling Requirements

MEDIA VOILLIME CQOMNTAIMER FREESERWATION
Graundweter 1 liter plastic store at 4°C
Soil 100 grams plastic store at 4°C

TH RS2 5486, REY. 0 8




SAMPLING PT.AN FOR THE FRARIBILITY 3TUIY FOR THE QUARRY RESIDUALS OPERABLE UNIT
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Groundwater samples will be filtered using a 0.45 micron in-ine filter Lo remove
sediments and colloids.

Additional groundwater {approximately 100 ml] to 200 ml) will be required to obtain field

measurements of temperature, pH, and Eh.  These measuremenis will be taken in accordance with
the Procedure ES&H 4.4 1, Croundwater Sampling.

Soil and groundwater samples will be kept at 4°C immediatcly after collection and during
shipment.

2.2 M0O: 0 and ‘H:'H Ratios

2.2.1 Sampling Method
Groundwater samples wili be collected in accordance with Procedure ES&H 4.4.1,

Cronmdwater Sampling. Surface water samples will be collected n accordance with Procedure
ES&H 4.3.1, Surface Water Sampling.

2.2.2 Sampling Lacations

Samples will be obtained from 19 exisling monitoring wells and two locations in the
Missouri River (Figurc 2-2). Groundwater or surface water samphng are summarized in
Table 2-3,

Sampling, locations werc selected to establish isotopic oxygen and isotopic hydrogen
ratios:

. In the bedrock aquifer discharging to the Missoun River Alluyium.

. 1n the shallow alluvium north of the slough.

DOEAEZ]1 348-60% REV. Q
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aAMPLING PLAY FOR THE FEASIBILTTY $1103% FOR THE QUARRY RESIOUALS OPHEABLE UNIT
AT THE WELDON SPRING BITH, WH] 130N SPRING, MISSC0RI

625597

Table 2-3  Oxygen and Hydrogen isotope Sampiing Locations
LGCATION | UNIT | LOCTATION | LUNIT
GROUNDWATER
rAWY- 10005 Alluwiurm [5) Mn-1023 Alluvium [s)
AW-1008 Alluwium [s) hAW-103 ] Plattin
FW-1009 Alluviurm (5] RAVW-1044 Alluvium (s)
MW-1013 Decoah FAW-10486 Ilattin
hMW-1014 Alluvium {8 pAW-1047 Alwvium (s}
pAW 1015 Decorah MW-EMW2 Alluwium [d]
FAW-1016 Allusiumm [5] MW-RhAW Allusiarn [(d)
MW-1017 Alluyivm [d) rAW-PW0E Alluviurn {d)
MwW-1019 Alluviurm {d) rAV-PWQS Alluvioe {d)
MW-1020 Allusiurm {s)
SURFACE WATER
SW=4090 tAIssaur River Sw-10172 MAssoUr River
d Neep alluvium
% Shallow alluviuem
. In the Missouri River.
. Across the Missouri River
Alluvium.

2.2.3 Sample Preparation

Sample collection and labeling will be performed in accordance with Procedure

ES&H 4 4.1, Groundwater Sampiing and ES&H 4.3.1, Surface Water Sampimg.

Giroundwater sample containers, volumes, and preservations requirements are listed in

Table 2-4.

TIOFA IR 348659, REV. 4 11




SAMPLING PLAY FOR THE FEARIBILITY STUDY FOR THE OQUARRY RESIDUALS OPERABLE TIMIT
AT THE WELDON SFRING SITE, WELINX SPRIMG, MISSOURL 672597

Table 2-4  Oxygen and Hydrogen Isotopic Sample Requirements

FAED 1A YOLLIMF COMNIAIMER PRESERVATION

Groundwater 40 mi* plastic store at 4°C

s Obtaind 4D md samples

Groundwater samples will be filtered in accordance with Procedure ES&H 4.5 8, Waler
Sample Fiftering. No head space should be left in the sample container by filling to form a
negative meniscus.

Field measurements of temperalure, pH, and Eh will be iaken in accordance with
Procedure ES&H 4.4.1, (rroundwater Sampling.

Samples will be kept at 4°C immediately afler collection and during shipment.

DOEOR21548-6, REV. 1) 13




FAMPLIMG PLAN FOR THE FEASIHILITY 3TUDY FOR THE (U ARRY RESIDUATS OPFERARLE UNIT
AT THE WELDON SPRING STTE, WELLWIN SPRING, MISSOURL 2507

3. STANDARD OPERATING PROCEDURES

This section outlines the procedures that will be followed during these sampling events.
Somc deviations will be made, as noted in the appropriate sections, because the laboralory
coordination, data archival and use will be performed by Argonne National Laboratory {ANI),
the data requester.

3.1 Sample Identification

Sample numbers will be assigned according to Procedure ES&H 4.1.1, Numbering Sysiem
for Ewvirenmental Samples and Sample Locations. A summary of the sample identification
number for each location is provided in Table 3-1.

Table 3-1  Sample ldentification Numbers

LOCATICGN SAMPLE ID SAMPLE IYPE

AE3E-001 SO-197001-401.02) Soil

[5-1970001 - {01.0) Groundwomer
CIR3B-002 SO-19/7002-101,02) Sl

[5-197002-[01,02) Groundwiater
GIRSB-O03 S-197002-(01,62) Sl

|5-157003-101,02) Grounchwoter
QIRSE-O04 5C-197004-{01.02) Soil

[5-197004-[01,02) Groundwaler
QJRSE-005 SC-197005-101.02) Soil

[5- 190059001 02 Grouncwoter
MW-100s5 SW-1008-[dote) Grovndworter
kW-10083 CW-1008-{date) Craondwater
MW -100% GW-100%-[date) Croundwater
MW-1013 Gw-1013-[date) Grovndwater
rMW-1014 CW-1014-(date) Croundwoter
MW-1015 GW. 10 3-[date) Crouncdwater
MW-1015 GW-101 8- [date) Grovndwater
MW-I01F GW-1017-[{date] Groundwater

TOEOR2 12480597, REY.
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SAMPLING PLAN FOR THE FEASIBILTTY STLDY FOR THE QUAREY RESIDUALS QFERABLE UNIT
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2507

Tabie 3-1  Sample |dentification Numibers

LOCATION SAMPLF |3 SAMPLE TYPE
MW-1019 Gw-1019-[date) Grovndwoter
hAW-1020 CW-1020-[date) Croundworter
RW-1023 GW-1023-(date) Grounowretier
MW-1031 Gw-1031-[date) Grovndwater
MAW-1044 SW-1044-{date) Srouncwoter
MMW-10486 Sw-10448-[date) Zraunchwater
MAW-1047 GW-1042-[date] Graundwater

MIW-RAWZ CW-RMW2-[date] Croundwater

MW-RErAY 4 GW-RMWE-(date) Groundwater
AW -FINDE GW-DOWo4-|date] Ciraundwoater
rAW-PWDP GW-PWOR-[date) Groundwater

w12 SW-1012-[date) Surfoce waler
SW-4070 SW-4070-[dote) surface woter

3.2 Chain-ol-Custody Requirements

Sample cham-of-custody will be mamtained in accordance with Procedure ES&H 4.1.2,
Initiation, Creneration, and Iransfer of Emvirommental Chain of Custody.  Chain-of-custody
forms (COCs) for laboratory samples will be completed and placed in the sample coolers, Sample
coolers preparcd for shipment will be sealed with chain-of-custody control seals signed and dated

by the shipper.

The exception to Procedure ES&H 4.1.2 is that the laboratory coordinator wall not
generate the COCs or coordinaie sample shipment 1o an ofl-site laboralory. These tasks will be
performed by the sampler. Samples will be shipped to laboratories specified by ANL.

3.3 Sample Shipment

Samples will be packaged and transported to an off-site laboratory, as specified by ANL,
in accordance with site procedures. Samples will be shipped per ECDI-3, HMSTA Operations. A

separate custody record must accompany each sample cooler.

[IEARAZ1548-69% REY.
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SAMPLING PLAY FOR TIIE FEARIBILTTY STUDY FOR THE QUARRY RESIDUALS OPERABLFE TINTT
AT THE WELINON SPRING S[TE. WELDON SPRING, MISSOLRI G255T

3.4 Equipment Decontamination

All equipment and tools used to collect or transfer samples will be cleancd and
decontaminated between each sample. Decontamination will be performed in accordance with
Procedure ES&H 4.1.3, Sampling Eguipment Decontamination. Decontamination wasies will be
handled per ECD-17, Handling and Disposition of Site-Uenerated Waste. Equipment and tools
will be stored during sampling activities to maintain cleanliness. This may include use of plastic
sheeting, boxes, or other appropriate methods. Where apphcable, disposable sampling devices
will be employed.

3.5 Borehole Abandonment

Boreholes will be backfilled and abandoned as specified in Procedure ES&H 4.4.4,
Subsurfoce Moriroring Device Plugging and Abandonment.

3.6 Dgcumeniation

Sample locations, samples collected, and all related data will be recorded in a logbock at
ihe time of collection, as cutlined in Procedure ES&H t.1.4, Loghook Procedure.,

Field sampling forms gencrated as a result of this plan will be maintained in accordance
with the requirements of Procedure SQP-7, Qualify Assurance Records.
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4, ANALYTICAL METHODS

4.1 Distribution Coeflicients

Distribution coefficients (Kds) for uranium will be determined by a method developed at
Argonne National Laboratory that is based on a siudy of complex interactions between dissolved
metals and their environment observed in natural systems (Ref. 63, Typically, 20 g 1o 25 g of soil
are conlacted with approximaiely 15 ml to 20 ml of surface water for three weeks at room
temperature. I'or the soil samples located in the aquifer region, filtered groundwater from the so1l
sample {ocations will be used. At the end of the conlact period, the sample is centrifiiged to
obtain about 5 ml for the determination of uranium conceniralion, A separate aliquot of the
remaining soil is used for uranium concentration determination in that phase.

4.2 ""0: 0 and *H:' H Ratios

Oncygen isotopes ('* O and " Q) and hydrogen isotopes (“H and ' H) will be determined by
Stable Isotope Ratio Analysis {SIRA). The procedure for sample preparation, analvtical method,
and instrument calibration are provided in Appendix B.
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5. QUALITY CONTROL

MEK-Ferguson Company, the Project Management Contractor at the Weldon Spring Site
Remedial Action Project {WSSRAP) has developed the Fmvironmental Quality Assurance
Project Plan (EQAPP) (Ref. 7) to guide all environmental activities conducted at the WSSRAP
in accordance with U 8. Environmental Protection Agency guidelines. The Sample Management
Cruide (Ref. 8) has been developed following the gwdelines listed in the EQAPI. This guide
established the approach to sample planning, collection, and data analysis.

Quality conirol samples will be collected to ensure consistent and accurate performance of
sample collection and laboratory analysis.  Table 5-1 provides a summary list of the guality
control samples that will be collected to support this cffort.

Table -1 Feld Qudlity Contral Sample Summary

Q0 SAMPLETYPE FREGQUENCY PURPOSE
field Replicate 1 per matriz type {or | per 20} Assess rmoalnx cnd inter-
iabaratory varakbility
Fouiprient Rlank nen- 1 per matris type [of 1 per 20) Assess effectivenass of
doedicoted equiprmont only) decantamination.
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PROCEDURES

ECDI-17, Handling and Disposition of Site-Generated Weste

ES&H 1.1.4, Laghank Frocedure

ES&H 4.1.1, Numbering System for Environmentad Samples and Scample Locations
ES&H 4.1.2, Initiation, Generation, and Tramsfer of Environmental Chain of Custody
ES&IT 4.1.3, Sampling Equipment Decontamination

ES&H 4 3.1, Surface Water Sampling

LS&H 4.4.1, Groundwater Sampling

ES&H 4.4 .4, Subsurface Monitoring Device Plugging and Abandonment

ES&H 445, Soil-Sediment Sampling

SQP-7, Cuality Assurance Records

CODE OF STATE REGULATIONS

10 CSR 23, Division of Geology arnd Land Survey, Well Consfruction
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APPENDIX A
Geoprobe® Standard Operating Procedures
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Driving the Sealed Sampler
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DRIVING AND SAMPLING WITH THE LARGE BORE SOIL SAMFLER
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i 1.0 OBJECTIVE

The ohjective of this procedure is o collect a discrete seil sumple at depth and recover it for visuel inapection
anclior chermical analysis,

2.0 BACKGROUND
2.1 DBefinitions

Geoprobe® Svil Probing Machine: A vehicle-mounted, hvdranlically-powsted machine that utilizes
static farce and percossion to advance small diameter sampling tools into the subsurtace for colleening soil
core, soil gas, or groundwater sumples.

¥ Ceaprobe® iy o reyistered trademeark of Kejr Lrgineering, Inc, Salina, Kansox

Large Bore Soil Sampler: A 24-inch long x 1-1/2-nch (610 mm x 38 mm) diamerer soil sampler capible
of recovering a discreie sample that measures up 1o 320 ml in velume in the torm of a 22-inch x 1-1716-
inch (5359 mm = 27 mm) core contained side o removable linge

Liver: A 24-inch tomg x 1-1/8-inch diameter (611 mum x 29 nunj removablefreplaceable, thin-walled tube
inserted inside the Targe Bore Sample Tube for the purpose of containing and storing soil samples. Liner
materials include brass, seainless steel, Teflon®. and clear plastic (cellulose acetate butyrarz).

. 2.2 BPisrcussion

The Large Bore (LB Soil Sampler is used primarily as a discrele interval sampler; thal is, forthe vecovery
of a sample at u preseribed depth. In certain circumstances, it 15 also used for continuous coring.

‘Fhe assembled Targe Bore Sampler is coonected to the leading end of a Guogrobe brand probe rod und
driven inlo the subsurface using a Geoprobe Sail Probing Machine. Additonal probe rods are connzcted
in succession to advance the sampler to depth. The sumpler remaing sealed (closed) by 4 piston Lip as it is
being driven, The piston is held in place by a reverse-threaded stop-pin ar Lhe trailing end of the swnpler.
When the vampler tip has reached the top of the desired sampling interval, a series of cxtension rods,
sullicicnt 1o reach depth. are coupled weether and lowered down the inside diameter of the probe rods.
The cxrension rods are then rotated elockwise (using a handle), T'he male threads on the leading end of the
extension rods engage the female threads on the top end of the stop-pin, and the pin s removed. After the
extension rods and slop-pin have been remived. the tool suing is advanced an additionsl 24 inches. The
piston is displaced inside the sampler body by the soil as the sample is cut. To recaver the sumple. the
sampler 15 cetrieved from the hobe wnd the liner containing the soil sumpic 15 removed. The operation is
illustraeed in Figure 1 '
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FIGURE 1 _
Driving and Sampling with the Large Bare Soil Sampler
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®

3.0 REQUIRED EQUIPMENT

The following equipment is required to recover seil cores using the Geoprobe Large Bore Soil Sampler {Fig. 2)
and driving svstems. Notw that the sarple liners for the Large Bore Sampler are svailable in four different
mlerials, Liner materials should be sclected based on sampling purpose, analytical parameters. and data quality
nbjectives.

LARGE EORE SAMPLIR MALTS QUANTITY PART NUAMDLER
LB Tleavy-Dury Culting Shoe -1- AT-660]
LB Heavy-Duty Drive Fead, firs L.23-inch probe s -1- AT-B612
LB Heavy-Dty Samnzle Tnbe -1- AT-662]
LR Piston Tip -1- AT-083
LD Fiswn Bod -1- AT-6H6d
B Clear CAR Liner varialble AT-H05K
I.B Bruse Liner variable AT-0i8
LE Stainless Steel Laner variahle AT66T
LI Tellon™ Liner varable AT-668
LB Cutting Shoe Wrench -1- AT-654
iyl End Caps wariable Al-B41K
LB Piston Stop-Tin -1- AT-63
LB Fiston Stop-Tin O-Eling variablz AT-63R
Tellom™ Tape [opticoal) variadle AF-GA0T
Mylon Brush for LB Tukes -1- BLI-6H)
GEOPLROEE TOOLS* CHCANTITY PART NITEER
Lirive Cap, fits | .25-inch probe md -1- AT- 124K
Full Cap. fieg 1,25 inch probe rad -1- AL-1204
Probe Bud, 1.23 1ich £ 12 Inches -1L- AT-1212
Prohe Bed, 1.23 Inch x 24 inches -1- AT-13224
Probe ®od, 1.25 inch x 36 inches {oplional) Wariuhli AT-1236
Prabe Bod, 1,23 inch x 48 inches Wariuble AT-1248
Extansion Rod, 36 inch {optonal Yuriable Al-a7
Exlensicn Rad, 43 inch Warighle AT-47
Extension Rod Cenicting Plug -2 AT-H712
Exiension R Coupler Variable Al-68
Fxtension Rl Handbe -1- AT-69
Exlension Red ig -1- AT-630
Lxtecsion Rod Quick Tinks {Opional) Yariuble AT-HSAK
LE Sampler Manual Extruder Kit -1- AT-659K
ADRDTTIONAL TN {QLUANTITY

Locking Pliers -1~

Adjustable Oren-BEad YWrench, 1-14 ach or -1- .
MO Combinalicn Weench -L- AT-3590
Oypen-Lod YWrench, 378 inch -1-

Pipe Wrench -2

# Probw ods and scoessories ace also available in L-inch Q0. (owtside clamear).
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LB Samplg Linars
{AT-GESK.. AT-B66. AT-GGT, AT-G6T,

FIGURE 2
Large Bore Soil Sampler Parts
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1.0 OPERATION

4.1 Decontaminalion

Bafore and alter each use, thoroughly clean all parts of the suil sampling system according Lo specific
project requirements. A clean, new liner is reeommended for each use. Parts should also be inspected for
wear or damage at this lime.

4.2 Assembly

I. Tnstall 2 new AT-63R O-Rinyg into the O-Ring groovi on the atop-pin.,

2. Seat the pre-flared end of the 1B hiner aver the interior end of the cutting shoe as shown in Fig. 3. Tt
should fit sougly.

3. Tnscrtehe liner into either end of the sumple tube and screw the cutting shoe and liner into place. 1f
excessive resistunce is encountered during this task. it may he necessary to use the LB shoe wrench,
Place he wrench an the ground and position the sampler assembly with the shoe end down 50 that the
recassed notch on the culling shoe aligns with the pin in the sncket of the wrench (Fig. 4). Push down
on the sample wbe while turning it umil the cutting shoe is treaded tightly into place.

4, Serew the piston rod into the pislon Up. Insert the piston tip and rod into the sample tube from the end

oppusile the cutting shoe. Push and rotate the rod unti! the tip iz scated completely into 1he ¢wlling
shoe.

3. Screw the drive head onto the wop end of the sample tube, aligning the pislon rod theough the center
bore,

6, Screw the reverse-threaded stop-pin into the top of the drive head and turn il covmterclockwise with
a 3/8-inch wreneh until securaly tightened (Fig. 5). Hold the drave bead in place with a I-1/-inch or
adjustable wrench while corapleting this task o assure that the drive head stays completely seated.
The Macra-Core™ Combination Wronch will also fit the dove head for 1.23-inch probe rods. The
agsembly iy now complete.

Filot [Tole

A pllot hode 1s appropriate when the surface to be penetrated contains pravel, asphalt, hard sands, ot
rubble. Pre-probing will prevent unnecessary wear on the sampling tools, A Large Bore Pre-Probe may
be used fur thas purposc. The pilet hole should be made ooly to a depth above the sampling incerval.
Where swface pavements are present, a hote may be drilled with the Guoprabe Soil Probing Mucinne
using a drill steel (AT-3524, AT-3536, or AT-3548 depending upon the thicknass of the pavement),
tpped with a |.3-inch diameter carbide drill bit (AT-36) prior to probing,

NOTE: Some soil conditions may warrant wsing a sohd drive poine (AT-142B) to pre-probe the hole to
the desired sampling depth. Information about the subsurfuce and depth to bedrock should be known
beloze driving the sampler. Damage may nccar if the sampler is driven into ock of other impeneirable
matetial,
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Figure 4. Using the AT-§62 Cuttng Shoe Wrench to attach
cutiing shoe,

Figure 7. Coupling Extension Rods together. Figure B. Rotating the Extension Rod Handie,
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4.4

Driving

1. Attach a drive cap w a one-foot probe red and thread the rod onto the ussembled sampler. Fosition the
assembly [or driving imo the subsurlace,

2. Drve the assembly inle the subsurface watil the drive head on the sample tube i3 just above the
round surfuce,

3. Remove the drive cap and one-faot probe tod. Secure the drive head with a [-1/4-inch open-end,
adjustable wrench or 4 Macro-Core® combination wranch, and re-lighten the stop-pin with o 3/8-inch
open-cod wrench (Flg. 3.

4. Attach the drive cap to 4 two-foot probe rod and continue deiving the sampler into the ground. Attach

thres- or foue-foot probe cods in succession until the leading end of the sampler reaches the top of the
desired sumpling interval,

Freparing to Sample

LS}

.

Whan sampling depth has been reached, position lhe Geoprobe machine away [rom the top of the
probe rod w allow room o work,

[nsert an cxtension rod down the instde diameter of the probe rods. Hold onto it and place an extension
rod coupler or Quick Link cxlension rod connectors {Fig. 6) on the top threads of the extension rod
{the downhale end of the lzading extension eod should remain ancovered ), Alach another extension
rod 1o 1he coupler and lower the jointed rods down hole (Fig. 73 An extenzion rod jig (Fig- ) may he
used to help hold the rods doring Steps 2and 3.

Couple additional extension rods ogether in the same fashion asia Step 2. The leadmg extension rod
mist reach the stop-pin at the top of the sumpler ussembly. When coupling extension rods together,
you may opt t use Lhe extension rod jig w hokd the downhole extension rods while adding additional
rols,

Whan the leading extension rod has reached the stop-pie down hole, attuch the extension eod handte
Lo the rop extension rod,

‘Turn the handle elockwise until the stop-pin detaches from the threads on the drive head (Fig, 83, Pull
ugr Hightly on Lhe cxlension cads during thes procedure o check thread engagement,

NOTE: The largar inside diamter ([.1.) of the 1-1/2-inck probe rods can make it difficult 1o engage
the stop-pin, To remedy this problem, attach an Extension Rod Center Plug 1o the batrom of the first
cxtension rod. Another centering plug may be ncoessary between the first and second exlension rods
il the cxlension rods are slightdy bent.

Remove the extension rods and uncowple the sections as each joint is puiled [rorm the hole, The
exlension rod jig may be wsed to hold the rod couplers in place as the (op exmwosion rods are removed.

The stop-pin should be attached to the bottom of the lasl extensicen tod npon removal, Inspeet e for
damuge, Once the stop-pin has been removed, the sampler is ready to be driven w collect o samptle.
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Extcnsion Hod, 36 inch [AT-67) ar 48 inch (AT-B71}
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Exiansicr Rod fig — Top View
[AT-530)
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W
Extension And Jig — Sida View
[AT-650] Extension Rod Handle
(AT-59) !
i
FIGURE &

Geoprobe Extension Rods and Accessories
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4.6

4.7

4.5

4.9

Sample Collection

Reposition the Geoprobe raaching over the probe rods. adding un adiitonal probe oyl to the tool
string if necessary. Make a mark on the probe rod 24 inchies above the ground surface (this is the
distance the tool string will be advanced).

Attach a drive cap to the probe rod and drive the oul string and sampler another 24 inches. Acutate
the hammer function during sampie callection to increase sample recovery, Do not over-dnve the
sampler,

Retrieval

Remmnove the drive cap from the wp probe rod and attach a pull cap. Lower the hammer assembly and
ciose the hammer lalch over the puld cap.

With the machine foat firmly ow the sround, pull the tool sloog oat of the hole. Slop when the top
{(drive head) of the sumpler is ahout 12 inches above the ground surface,

Because the piston tip and rod have been displuced inside the sample lube, the piston rod new extends
into the two-Loof probe rod section. In loose soils, the two-foal probe rod and sampler may be recoverned
as one piece by using the Toot Control on the probe machine to il the sampler the reInaining gistance
out of the hole.

If excessive resistance is encounleted while attempting 1o 1ift the sampler and probe rod oul of the
hole using the Fool Control, unscrew Lhe drive head from the saropler and remove it with the probe
rad. the pisran vod, and Lhe piston tip. Replace he drive head onto the: sampler and atiach a pull cap
torit. Lowwer the hammer assembly and close the hammer latch over the pull cap and poll the sumplet
the remaining distance oul of the hole with the probe machine foot firmly on the ground.

Sample Recovery

Dirach the two-fool probe rod if it has nol been done previausly.,

Unscrew the culting shoe using the LB Cutting Shoe Wrench, if necessary. Pull the cutting shoe our
with the liner attached (Fig. 9. Tf the liner doesn't slide out readily with the catting shoe, take off the
drive head and push down on the side wall of the liner. The liner and sample should slide out easily,

Core Liner Capping

1.

The enls of the liners can be capped off using the vinyl end caps for further slorage or ransporlalion.
A Dlack end cup should be used at the bollamn (down end) of the sample core and a red end cap at the
lup {up end) of the core,

O brass. stainless steel, and Teflon® liners, cover the end of the sample wbe with AT-640T Tefion®
tape before placing the end caps on the Yiner (Fig, 10, The tape should be smoothed out znd presscd
over the end of the sail core so as to minimize headspace. However, care should be waken not to
siretch and therefore thin the Teflon® tape.
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Flgure 11. Extruding a sample in a metal liner usitig the AT-653K
manual extruder.
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. 4.10 Sample Remaoval

1. T.arge Bore clear plastic liners and Teflon® liners cun be slil upen easily with a hooled-blade unlticy
knife for the samples to be anulyzed or placed in appropriate eontainers.

2. Large Bore brass and stainloss steel Hners come with plastic cladding on the oside of the liner to
keep four 6-inch sections aligned. Remove the cladding and cut the sections apatt with u knilz. The
Large Bote Manual Extruder may be used to push the seil cores out of the liner sections for analysis
or [or transter o other containers (Fig. 110

CAUTION: Use extreme cuare when using the Large Bore Manuad Extruder. Gridlually apply down
pressute ot slow spead. Use of exvessive torce could resalcin injury o the aperator or damage ot the
tnols.
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6.0 REFERENCES
Geoprobe Systems, Aggust, 1993, "18093-94 Tools and Tiquipment Catalng”.

Cienprobe Systems, May, 1595, "1995-06 Tools and Equipment Catalog”.
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Sereen peint sampler in open position.
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comnecter pin location (lelt). Top end ol screen connec-
tor (P/N GW-443) showing PRT adapter and Hitting
{right). Pin punch (PN GW-447) (center).
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1.0 OBJECTIVE

The objective of this provedure is to drive a scaled stainless steel screen to depth, open the screen, and obtain a
water sample via a lubing system to the surfuce.

2.0 BACKGROUND
2.1 Definitions

Geoprobe”: A vehicle-mounted hydraulically-powered soif probing machine that utilizes static foree und
percussion o advance sntalt diameter sampling tools inle the subsurface for collecting soil core. soil gas,
or ground water samples.

(*Groprobe is g regivered rademark of Kejr Enginecring. fnc., Sulina, Kansas i

Sereen Point Ground Water Sampler: The assemmbled Screcn Point Sampler (P/N GW-440K ) is 1.0-inch
O.D. (outside diameter) x 36-inch overall length, This sampler [eatures a 19-inch screen encased in a
perforated stainless steed sleeve. The device is also useful for measurement of piezomelnic levels.

2.2 Biscussion

In this procedure, the avsembled Sereen Point Sampler threads onto the leading end of a Geoprobe prohe
rod and is driven ime the subsarface using & Geoprobe machine. Additional probe rods are connected 10
succession to advance the sampler o depth. While the Screen Point Sampler is being driven to lhe desired
samipling depth, it is kept sealed by O-ring connections placed at critical locat:ons on the asscbly.

When the desired sumpling depth is reached, the sampler is palled up ubout 2 fzet which discngages the
expenduble drive point and creatcs an apen boreho'e [Tom which to sample. Lhe inner core, which consists
of a stainlass steel wiee screen inside of a pecforated stainless steel sleeve, is then pushed outintothe borehole
and water is allowed e gnter the sampler and connecied probe rods,

In common practice, pround water samples arc recovered by pumping or bailing of water collected in the
apen probe rods, Alternatety. tubing from the surface may be connected directly to the sampler screen using
a Geoprobe PR (post mun) fitting, and samples recovered using a peristaltic pump ot vacuum source. The
pare size of the screen of this sampleris 0057 inches (0. 145 mm). This saropler will allow the user to cotlect
relatively clean water samples in a short time period due to its large surfuce area.
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3.0 REQUIRED EQUIPMENT

Equipment requized 1o successfolly recover water samples using the Geoprobe Screen Point Ground Water .
Sumpler is lisied below. These parts are shownin Fig, 3.2 and are shown in heir assermbled conditien in Fig, 3.1
SCREEN HMNT GROUNDWATER EGPROBE '_; ;}

SAMPLER PARTS OQUANTITY PART NUMBER ‘W GW-4308
Groumd Water Sampler Drive Head 1, GW-430B 2 7 Drive head
O-Ring [ur GW Sampler Drive Head ..., 25 GW-430R [

Screen Poim Sampler Sheath . cenieecinns L GW-440 é /
DivE PO SEHL cervivriieceraesicems e oo, I GW-440-1 G
O-Ring for Drive IPoint Sedl ... eeen e 25 L GW-440.1R f
SOIRER SIECHE e eeeens e Vo GW-441 ‘N
Sereen Connector w/ PRT-Adupter Threads ... T ... GW-443 ?
O-Ring for Screen Conmecior . eveins 20 e GW-343R 2
Screen Inscrt and Plug {assambled) ... A {3W-444 .
{-Ring for Sereen PLug e onniceresieenne 28 . GW-444R
Expeadable Drive Point o 25 ... OW-445 gz"'re“‘;"::i
O-Ring for THFE POING oo oo 25 .. GW-A4SR 3 Comettor
Screan Connactor Pin .. e e eeeierimieesens 1 ocieeen W -446
Sercen Connesciar Pin Puncll. oo Lo, GW-447 GW-245
Soreen
Cannector Fin
GCEO'ROBE
GEOPROBE TROLS OUANTITY  FART NOMUEER C-440
Probe Fod {4 Loath e varighle ... AT-104B Screen
ar Sheath
Probe Red (31000, ¥atiahle o AT-1GE GW-441
Probe Rod (2 008 e L. AT-105B Screan
Probe Rod (1 000 erreereiveersoeeer e oo | ... AT-106B Sleeve
Drive Cap i e 1.... AT-1iB
Pull ap e 1o AT-12B
Extension Bod oo variable .. AT-67
Extension Rod Coupler .. variable ... AT-68
Extension Rod Handbe ... 1o AT-89
OITIONAT QUANTITY FART NUMEER GW-444
Tubing Bottom Check VAIVE wurererermmmn: 2o GW-42 "
Cheek Balls for Cheok Vabg e 25 . Gw-42-1
Polyethylene Tubing, 1/d-inch LD varigble ... TB-235L
Probe Rad Pull Plate ... Lo AT-122
PRT Filng oo e et samins Lo, PR-25S GIN-440-1
ar ; GW Drive Paint Seat
PRT TIHNG oot i s ... FR-308 G\W-445
W Crive Paint

Figure 3.1, Cross-Sectional View
of assembled Ground Waler
Screen Point Sampler
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GW-441

GW-440-1

GW-445 GW-430B

Tn-447

R
{pin punzh)

e GW-443

25
/——/ X P G-48

Q=0-ring locaticn O [_HEE | “ - ]ﬁﬂﬂ

1
GW-430R GWw-4308

FIGURE 3.2

Sereen Point Ground Water Sampler Parts
GW-ddl) Series
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Figare 4.1. Pushing the Sereen Insert and Plug Figure 4.2. Puoshing the Scceen Connector T'in
into the Sereen Sleeve. inty place.

£ iy

Figu_rc 4.4. Expendahle Drive Point next to
Sampler Sheath in bottom end of Drive Poinl
Seal. e

Figure 4.5. Screwing Water Sampler Drive
Heud inte top of Sampler Sheath.,

Tigure 4.6. Driving the Screen Point
Sampler.
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4.1

4.2

4.3

4.0 OPERATION

Basic Operation

The outer appearance of the Scrcen Point Ground Water Sampler, once it has been assembied properly.
Jooks just like anormal Geoprobe 3-foot probe rod. The botton is fitted with an expendable drive point,
while the 10p part of the sampler can simply be connecled W Geoprobe rods and ather accessories. The
assembled sampler cun be driven either hydraulically by any Geoprobe Model machine ar manually by
using deilling machines, or by using cone penctromaters,

At sampling depth, the probe Tods attached o the sampler are wetracted two leet 10 allow the sampler
screen to be pushed out into the fonmation.

Decemtamination and Preparation of Parts

In order to assemble the water sampler properly and to take accurate and precise water samples, all parts
tieed o be cleaned thoroughly and, il necessary, individually decontaminated prior to theiruse. Foreach
test ran, fresh, decontaminated sampler parts and O-rings should be uscd.

All parts should be washed with soapy water. Allsoil adhering tathe parts should be remaoved by brushing
or pressure washing, Finally, all parts should be iiascd with clean, contaminant-free water and allowed
to dry hefore they are wssembled.

Check all five (O-rings in the sanpler assembly fordamage andfor wear, Forreliable tests. we recommend
the use of new (3-rings on this tool at each sampling. [tis more efficient and cost etfective to chunge O-
rngs rather than collecting a nos-representative sample or iovalid data.

Assembly
Figure 3.2 prasenls » diagram of the unassembled screen point sumpher parts. Assembly instructions arn:
as tollows.

a4, Push the screen insert and plug (/N GW-4443. cquipped with an O-ring (/N GW-444R), into the
screen sleeve (PN GW-44 13, which is the end of the scresn sleeve with only one drain hole. ‘This
opcration is shawn in Figure 4.1

Ir. Push the screen connector (P/N GW-443), which is fitted with an O-ring (PN GW-343R) over the top
of the screen sleeve and secare with the connector pin (Figure 4.2). The pin can easily [all outsince
it 13 a rather lanse fit.

¢, Insort the sceeen connector end of the assembled sercen sleeve halfway into the screen peint sampler
sheath (PN GW-440) [rom ¢ither end. Again, the screen connector end is inserted fiest

d. Slide the drive peint seat (O-ring VN GW.440- R} over the ontstanding end of the screen sleeve and
scraw it tightly inie the sampler sheath {Figure 4.3},

e. Push the screen s seve up o the sampler sheath just far enough to it the expendable dove point{0-
ong GW-445R) imio the bottom end of the drove point scat (Figure 4.4).

£, Screw the O-ring end of the water samplier dove head {P/N GW-430B } into the top of the sampler sheath
(Fig. 4.5). Make sure all threads ate fastened tghtly.
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4.4 Probing

4.5

4.6

4.7

a. Drive the water sampler approximately two-foot helow the depth level where you want to sample by
simply attaching it 1o Geoprobe rods (Fig. 4.6).

h. Never drve the water sampler without the O-ring (BN GW-445R) atlached to the drive point. Failure
1o wie this O-ring may result in flowing soils clogging the sereen during driving.

Screen Deplovment

Once the Screen Point Ground Water Sampler has been driven to the base of the interval desired for
sampling, the probe rods arg retracted a distance of 2 feet (807 mm) and the screen is pushed out into the
tfurmation. The following procedures are employed W deploy the screen:

a. Retract the probe rods from the ground a distance of 24 inches (607 nun) as shown in Fipure 4.7,

. Insert Geoprobe stajaless steel extension rods (P/N AT-67), as shownin Fig, 4.8, down the bore of the
probe rods {Fig. 4,97, An extension rod coupler (PN AT-68) must be placed at the bottom end of the
lead extension rod in order to protect the threads at the end of this rod (Fig. 4.10). One extension rod
will be requirzd for each probe rod in the ground, plus one extension rod for the screen point sumpler
itself. Place an extension rod handle (PN AT-649) at the top of Lhe extension rod string.

¢. When the proper number of cxlcnsion reds have been coupled logether and inserted down the bare of
the probe rods, the last extension rod will protrude from the top of the probe Tods a distance of
approximately 24 inches {607 mm),

d. Pushing down on the eyiension reds should now puesh the screen out into the formation. When ithe
sereer is compleicly pushed out. the extension rod handle will come to rest at a fingl posilion
approximately 3 mches (76 mm) above the wop of the probe rods.

e, In extreme situations, it may he necessary 10 tup on the top of the extension rod handle with & hammer
in order to force the sereen oul into the formation,

Sampling, General Considerations
There are two methods for obtaining a sample from the CW-440 series Sereen Point Sumpler. Ground
water samples can be nhrained by bailing or pumping directly from the bore of the probe rods above the
rereen pout, Alternately, 4 lubing system may be attached directly to the top of the deploved screen and
samples purnped Lo the surface wsing either a peristaltic pump or other means of vacuumn lifl. These two
techniques are illustrared in Tigure 411,

Bottom Check Valve Sampling

The maost commmon methods emploved is to pump directly from the bore of the probe rods immediately
above Lhe screen pointusing a tubing bottom check valve. This method is often referred to as sampling
from the open rods, and iz cssentially the same for bottom cheel valve sumpling 25 it is for batling, Note
that in crder for this method 10 be emploved, the piczometnic bead in the saturared formaion must be
uboveihe 1op of the deployed screen point; water from the formation must fse into the probe rods wher:
it can thae he pumped to the surface. Sampling is performed as described in the following steps.

. Either 38 inch (9.5 mmy .0, Teflon {F’f NTE-30T) or Polyethylena {PYN TB-231.) tubing may be used
for ground water sampling, Sclection of tubing marerjal should be based on the analytes of interest and
the purpose of the groundwater investigation.
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Figure 4.7. Hetract
Mrohe Rods two foet
(60 vm) prior o
rcleasing serocn out
inta the formation.
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Figure 4.9, Joining Extension Rods
together with Coupters.
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Figure 4.12. Tubing Bottom Check ¥Yalve and

- 38" Tubing
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b. Place a tubing check valve (BN GW-42) at the bottom end of a roll of tubing (Fig. 4.12). This botom
check valve will [it either of the tubing types lsted above.

c. Pushthetuhing, check valve endtirst, down the hore of the probe cods untilirstrikes the top nfthe screen
peint sampler.

d. Lift the tubing approximately 4 inches (102 mm) oft the hacram (top of the screen point smmpler) and
pscillate the tubing up and downin 8 ro 12 nch (200 to 300 mm) strokes (Bigare 4,13, Steps 1and 23,
In field pracrice, the tubing is ascillated up and down by hand at a rate of 00 to 100 sirokes per minuta.
This pumping can yield as much as 500 milliliters of sample per minute.

e, Air bubbles appearing in the pumped stecam indicate that the pummng action s exceeding recharge
trom the screen paint, allowing air to enter at the check valve end. For most purposes, intermixing of
air with the pumped sample 15 undesireable. The pamping rate should be slowed and balanced with
the recharps rate.

£, 1f water cannot be pumped o the surtace, sufficicnt sample may be obtaingd by using the tubing and
check valve ay ahailar. Oscillare the fubing to fill it with several Feet of sumple and Lhen remove Lhe
tuhing from the rods (Figure 14, Step 3%

4.8 Sampling Through PRT Tubing
"ERT" (post man tubing) reters to a Geoprobe proprietary systam of tubing and fittings that are used bolh
[or vapor and groundwater sampling. This tubing is inserted daswn the rods after the sampler has already
been driven to depth and has been deploved for sampling. The top of the soreen pointsampler screen is
cuipped wilh a PRT [iting which serves os a receplicle for a commesponding PRT sdapler [uled onte the
end of the sample tabing.

[n practice. the tubing with PRT adapter at the lowsr end 18 inserted down the bore of the probe rods amd
screwed Into the recepticle onthe top of the samplec screen. This procedure forms 2 vacaum tight sample
train Frowm the sampler sereen o ground surface, Sample 1s nomually pumosd o the serface using
peristallic pump or olher vacuum soure.

The advantage of this methad is that the sample is anly placed inconlact with the stainless sleel sampler
sereen and the saxnple lubing, The samplae is never exposed o & free surface. The disadvantage of this
method is that it is limited to maximum groend water depths of 20 to 28 fect (6 to 8.5 m} below groand
surlaee,
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The foilowing procedures are used te obain ground water sumples using PRT fittings and mbing:

HE

=

Either W8 inch (9.3 mm) Q.. Teflon (PN LE- 30T) o1 Folycihylene (PN TBE-257.) tubing may he used
tor pround water sampling. Seleciion of ubing material should he hased on the analyws of intercst and
lhe purpose of the groend water investigation. Facholibese ubings has a comesponding PRT adapter
that will be required for (his sampling. These adpaters are shown in the following table.

Tubing and PRI Adapters
FUBING TESCRIFTION [RT ADAFITE PART NUMIGE

TB-30F 8 el £9.5 mm) TFE PR-305
TR-45T. 3 nel (9.5 ) LLPE FE-25%

. Place the harbed end of the appropriate adapter into the selected mbing (Fg. 4. 143,

Push the adapter end of the tubing denwn the bore of the probe rods until it comes into contact with the
PRT threads at the top of the screen point sammpler.

. Rotate the tubing countee-clockwise al the surface 10 screw the adapter into the screen point threads

{Fig. 4 153 Rorage the wibing several tevolutions until the donen hole adapter is completely seated and
hi uhing stirts wisting. Inthis condition, the tabing willrotate hackwards (clockwise ) whenrelcised.

The tubing can now be altached to a penstaltic pump ar vacuum sauree at the susface (Fig, 4. 160
After sampling is complele, tubing should be removed by pul ling it up at the surface. This will pull

the fubing off the barbed cnd of the lubing adapter and will allow Lhe operator Lo cxamine the connection
at the Lop end of (he sceeen point when itis pulled from the yround.

4.9 Removal

.

b

Ce

d.

Remove all sampling tubing fram the bore of the probe rods.

Pl all probe rods from the ground using the Geoprobe machine. Care should be tuken not topushdawn
on the probe rods during removak.

Care should be raken £ lify the sereen point sampler vertically upward ar the surface, Pulling the prabe
rosds or sampler from the ground at any direction other than vertical may resultin bending of the seracn
point samplear.,

Dismantle the sampler at the surface and examine it for damage. Decantaminate all parts., replace all
O-rings, and reassemble the sanipler for the next sample.
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38" Tubing

Gamalar Sheath

Figure 4.14, PRT-adapter connected to tubing
prioe tr placement in the Sereen Connectar,

- PET Adaater
Bgrean Connectar

g P e

Figure 4.16. Using 2 Peristaltic Pump to collect a
grownd water sample using the Screen Point '
Sampler, :

Graund Water

laner Core
{5creen)

Expandable
Orive Print

Fipure 415, Connection of PRT
tubing to the Serecn Point Sampler.
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Geoprobe Systems ®
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1.0 OBJECTIVE

The wbjective of this procedure is to drive a sealed stainless steel or FYC screen to depth, deplay the sereen,
oblain 2 representative water sample from the screen interval, and grout the probe hole during abandanment.
The Screen Point 13 Groundwater Sampler enables the operator to conduet abandonment grouting that meets
Amcrican Society for Testing and Materials (ASTM) Method Tn 3299-92 requirernents {or decarmnmissioning
wells and borings for environmental activities {ASTM 1993,

21

2.0 BACKGROUND
Definitions

Cleoprobe®; A vehicle-mounted. hydraulically-powered, soil probing machine that atilizes stutic foree
and percussion o advance smail diameter sampling tools wato the subsurfuce for collecting soit core, soil
s, OF Zroundwiater samples.

* Crenprobe is o registered trademark of Kejr Engineering, Inc., Saling, Kamsas,

Scrcen Point 15 Groundwaler Sampler: The assembled Screen Point 15 Sampler (GW-1300K) 1s 1.3
inches (38 mm) O.0. {outside diameter) x 52 inches (1321 mm) overal] length. A stainless steel o PYO
screen with an exposed screen lenglh of 41 inches (1041 mm) is utilized.

Casing Puller:  An zssembly which makes it possible w retrace the sumpler string with exlension rods
protosling from the top of the probe rods, The casing puller for units originally equipped with the GH-4)
hammer consists of the following:

PART MAMESNLUMIBER OUANTITY
Casing Pull Bracket Assembly (GW-3337) (L
Casing Pull Plute Assembly {{iW-468) i1
Casing Pull Anchor Assembly (GW-3286) {17
Bolt, HEICS /2713« 2" GR 5 PLID (2]

Lock Washer, 172" PLTTY {2}
These items may be obtained separalely or as a Casing Pull Kio (GW-4600K).

Units originally equipped with the $K-58 hammer or retrofitted with the GH-40 barrer require 3 different
cusing pullee kit Contaet Geaprobe Systems for specific information.

Discussion

In this procedure, the assembled Screen Point 15 Croundwater Sampter (Fig. 2.1A) 15 threaded onlo the
leading end of a Geoprobe probe rod and driven into the subsurtace with a Genprobe muchite. Additional
probe rods are subsequently added and driven until the desired sampling interval is reached. While the
sampler Is driven to depth, O-ring seals at the drive head and expendable dnve point provide a watertight
system. This system climinates the threat of formation tluids entenng the screen hitfore deplovment and
assures sample infegrity.
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Once at the desired sumpling interval, extension rods are sent downhole unal the leading rod conlacts the
baottem of the sampler screen. The ool string is then retracted approximately 44 inches (11 18 mm) while
the sereen is held in place with the extension rods (Fig. 2.1B). As the twool string 15 retracred, the expendable
point is released {rom the sampler sheath. An OG-ring on the sereen head maintains the seal al the top of the
screen. As a resull, any liquid entering the sumpler duting sereen deployment must first pass Lhrough ihe
screen. The tool stiny and sheath may be retracred the full length of the screen or as little as a few mches
it a small samphing interval is desired.

The Screen Point 15 Sampler utilizes a screen with a standard stol siee of (0004 inches (1.1 mm) and an
exposcd leagth of 41 inches (L04) mm}. Alernate sfot sizes and lengths may be costom ordered. Contact
Geoprobe Syslems for available options. The screen i3 constructed such that a check valve or misi-hailer
can be inserted into the serecen cavity. This makes direct sampling possible from anywhera within the
suturaled zone. A removable plug in the lower ¢nd of the sereen allows the user Lo grout as the sampler 1x
extracted for further use. '

Croundwater samples can be obtained in a number of wiys, The most common method wtilizes polyethyl-
ene or Teflon® tahing and a Fubing Bottom Check Valve (GW-421. The check valve (with check bafl) is
attached 10 onc end of the mbing and inserled down the casing untit it js immersed 1 groundwater. Water
is pumped through the tubing and 1o the ground surface by oscillating the tubing up and down. Another
means of collecting proundwater samples is to atlach 4 perstallic or vacuum pump 10 the lebing, This
method 1= limited in that water can be pumped o the sarface from a maximum depth of approximately 26
feel (% m). A final technique for proundwater samphing @5 to use a stainless steel Mint-Batler Assembly
(GW-411. The minm-bailer is lowered down the inside of the cusing below the water level where 1L [ills with
water and 15 then retrieved from the casing.

Standard QOperating 'rocedure Page 4 Screer Point 15 Croundwater Sampler




RN R TR |

A. Fully Aszembled

Standard Cperating Procedure

Extersion Rod
Hancla
[AT-25)

Frobe Rod
{AT-10B or
AT-1048) Extenzion
Rod
[AT-EF or
AT-871)
«.—  Driva Head
[GW-1515]
Sampler Shaath
(EW-1510)

Wirp-Waund Stainless Steel
Screen
(EW-1520)
of PYC Screen
[EW-1330)

-

Teilnr® Graul Plug
JGW-1550) ar
PYC Greut Flug
(EW-1551}

Expendatle Driva Point
- (GW-1530;

FIGURE 2.1

Screen Point 15 Groundwater Sampler

B. Sgreen Partially Deployed

1
BEk |

BT
i

/

NIGEER]

i

it I'I'é"['r'I:ﬂ:I:I:I:I:I:##’FI:#‘{H:I-I:I##?l-l-ﬂ:?-l-lfi[l-l-l [

i

ST

i

i
< 1

-,

Page 3

Screen Paint 13 Groundwaler Sarnpler



3.0 REQUIRED EQUIPMENT .

The fallowing cquipment is requircd to succersfully recover representative groundwater samples with the
Geoprobe Sereen Point 15 Groundwater Sampler and peoling systen Sce Firure 3.1 for Screen Poinl 15 parts
ldentification.

Screen Point 15 Groundwater Sampler Parts Quantity Part Number
O-ming Service Xit (contuins 100 of each O-ring requircd} -1- GW-1504K*
Sampler Sheath -1- GW-1510%
Drive Head -1- GW.IS15%
Wire-Wound Stainless Steel Screen. 4-Slot -1- GW-1520%
PYC Screen {opiianal} -1- W- 1530
Sereen Push Adapter -1- (W-1535%
Groul Plug Push Adapter -1- GGW-1540%
Grout Plues, Tellon (Pkg. of 25 plugs) -1- GW-1550K
Grour Plugs, PV (Pkg, ol 25 plugs) -1- GWw-1551K*
Expendubl: Drive Points (Pkg. of 25 poinis) -1- CW-1555K"
Girout Nozzle -1- GW.1545
Casing Puller Kit {for GH-40 hammer) -1- GW-4600K

#enates pace is included i Sereen Poiot 15 CGroundwarer Sampler il oGW-J 200K ).

Genprobe Tools Quanlity Pari Namber
Probe Rod (36")** T Vanable ATF-10B
Frohe Rod (437 Wariable AT-10413 .
Drive Cap -1- AT-11B

rull Cap -1- AT-128

Split Pull Cap (Oplional} -1- AT-113
Extension Rod (367 F Variable AL-87
Extension Rod (48" )** Yuriable AT-0T1
Extension Rod Coupler Warnable AT-68
Extension Rod Handle -1- Al-69
Extension Rod Jig -1- AT-68)
Quick Link Extension Rod Connectors (Optional) Variable AT-694K

*Ether 36-ineh o1 48-inch probe rods and sutension rods may be used. Bath lengths arc nof teguined.

Additional Tools Quanlity
Locking Pliers -1-
Pipe Wrenches -2-

Note:  Heplacement parts may be obuined n various kils. Conlag Geoprote Syatems for spoeifie packuyes.
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4.2

4.3

4.0 OPERATION

Basic Operation

The Screen Point 13 Grourdwater Sampler ulilizes a stainkess stee] or PYC sereen which is encascd in an
abloy stec] sampler sheath, An expendable drive point is placed in the lower end of the sheath while a drive
head is atrached 1o the top. C-rings on the drive head and ¢xpendable poinl provide a watertighi sheath
which keeps contarninants sul of the system as the sammpler is driven Lo depth. Onee the desired sampling
interval is reached, cxtension rods eqaipped with a screen push adaptes are inserted down the inside diam-
eter of the probe rod string. The ton] string is then retracted approamatety 44 mehes (8 nun) while the
screen is held in place with the extension rods. At this point the system is ready for groundwater sampl ing.
When sampling is complete, a removabiz plug in the botont of the sereen allows for grouting below the
surnpler as the tool sting (s retrieved.

Necontamination

Tn order to collect representative groundwater sammples, all Screen Point 13 parts must b thoroughly cleaned
before und after each use. Scrub all metad parts using a stifl, long-bristle brush and a nonphosphate soap
sofution., Steam cleaning may he substituted for hand-washing if available. Rinse with distilled water and
allow 0 air-dry belore assembly.

Sampler Assembly (Fig. 4.17

1. Instal! an O-ring or an expendable drive point (GW-1535). Fimmly seat the expendable point in the
necked end of a sampler sheath {GW-151H.

2. Place a grout plug {Ta:f.h::un"b GW-1350 or PV GW-1551) in the Tower end of a wire-wound stainless
steel (GW-1520) ar PVC sereen (GW-15307. When ustog the stainless sieel screen, install an O-ring in
the groove on the upper end of the screen, Slide the screen inside of the sampler sheath with the prout
nlug toward the battom of the sampler. Ensure that the expendable point was not displaced by the
sCreet,

3. Install a bottom O-ring on a drive head (GW-1515), Thread the drive head onto ¢he sampler sheath.
Attach u drive cap (Al-11B} fo the top of the drive head. The drive head and cap must only be hand

tight. Tools are nol required as long as the attachments completety thread rogether.

4. Sampler assembly is complete.
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Screen'Point 15 Groundwater Sampler Assembly

Slandurd Oprrating Provedurs Magn 9 Sureen Foint 1% Groundwater Sampler




Extgrcled
# Probe

-7 / Cerrick

Hraae
Hammer

Aszamblad

Seeen .
Point 15

Saripler !

FIGURE 4.2
Screen Point 15 Groundwater Sampler in Driving Position
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4.4 Driving the Screen Paing 15 S5ampler

4.5

Standarr] Operating Procedure Pape ||

To pravide adequate room for sereen depluyment with the casiag puller assemhbly, the probe derrick should
be extended i liltle over halfway out of the carrier vehicle before drivinp the Sereen Point 15 Sampler

1.

o

Tiegin by plicing the assembled sampler (Fig. 2.1) In the driving pusition beneath the hammer anvil vn
the exiendsd probe derrick {Fig. 4.25,

Drive the sampler with throttle contro! at slow speed for the [irsl 1 or 2 feet to ensure thal the sampler
is driving steatght. Switch the throttle control to fast speed far the remainder of the probe steoke.

Completely raise the hanvmer assembly. Remwve the drive cup and place an O-ring in the top groove of
the drive head.  Mstilled water may be wsed to lubricate the O-ring if peeded. Add a 36- or 4s-inch
{914 or 1219 mm) probe rod and readach the drive cap to the rod steing, Drive the sampler Lhe entire
lengrh af the nesww rod wilk the cheottle control at fast spesd.

Repeat Step 3 until the desired sampling interval is reached. Approximalely 12 inches {3045 mm) of Lhe
Last probe rodd must extend above the pround surfacs W allow attachiment of the puller assembly, A 2

inch (305 mum) rod may be added i the ol string s over-driven,

Remove the drive cap and retract the probe dermick away from the ool string.

Sereen Deployment

1.

Thread the screen push adapter (GW-1535, Fig. 4.3 on an exlension red (AT-67 or AT-671). Atlach a
coupler { AT-68) to the other end of the exlensien rod, Lower the exrension rod instde of the probe red
laking care pot (o drop in down the ool string. An extension rod jig (Fig, 4,37 may be used 1o hold the
rods,

Adl extensions unti ¢he adapter contacts the bottom of the screen. Lo specd up this step, extension rod
Chuick Links ¢ AL-694E, Fir, 437 arc recommenided,

Instal the casiog pull Bracket (GW-33371 00 tic probe bamumer (Tig. 4.4
Reposition probe derrick and hammer assembly such that casing pull bracket is below rop of probe rod.

Place Lhe casing pull plate (GW-468}) over the probe rod and install an open-bare pull cap (AT-128) ay
shown in Figures 4.54 and B,

Ensurc that at least 48 inches (1219 mm) of extension rod protrudes from the probe rod, Threud an
extensiom rod handle (AT-A9, Tig. 437 on the mp extension.

Retrael probe rods and sampler sheath while physically holding the sereen in place with the extension
rods (Tig. 4.38E A slight knock with the extension red string will help to dislodge the expendable
point and start the screen moving inside Lthe sheath, Raisc the hammer and pall bracker assembly abouc
44 inches (LR cm). At this point the screen head will contact the necked portion of the sampler
sheath (Flg, 4.5C00 and the extenzion rods will rize with the probe rods. The screen 15 now deployed.
tlse care when deploying a PYU screen so as nol o break the sereen when it eontacts the bartom of the
sampler sheath,

Screen Point 15 Groundwater Sampler
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FIGURE 4.3
Geoprobe Extension Rods and Accessories
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FIGURE 4.4
Casing Pull Assembly for Units Originally Equipped With The GH-40 Hammer
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FIGLRE 4.5
Screen Deployment
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8.

1k

Lower the harnmer assembly and refract the probe derrick. Rarnove the wp cxeension rod and handle,
pull cap. casing pull plate, and top probe rod. Finally. extract all exlension tends,

Grousdwater samples can now be collected with a mini-bailer, petistaltic or vacusm pamp, wbing /
hottom check valve assembly, or other acceptable small diameeer sampling device.

When inscrling the tubing down the rod string to collect 2 sample, ensure thal he rubing enters the
sceoen interval. The tubing will sumetimes caich on the edge of the funncl opening of the sereen head.
An up-und-down and turning metion with the wbing helps ts move it past the fip and into the sereen.

4.6 Abandonment Grouting

The Screen Peinl LS Sampler can meet ASTM D 5299-92 requirements for ubundoning environmental
wells or barings when grouting is condacied properly. 4 remaovable grout plug makes it possible to deploy
tubing through the bottom of the sereen, Groul 15 then pumped into the open prabe hole as the sarapler is
withdrawn, The following procedure is presented a3 an example only and sheuld be modified to sutisly
local abandonment grouting regulations.

it

Slandard Operating Procedure Fag

Position the casing pull bracket and pult plate aver the Lool string and place a split pulb cup (AT-113) on
the wop probe rod. The sumpler string can be pulled with the hamer latch whilc prouting. It is casier
Lo manipulate the grout tube and probe tods, however, when the casing puller is wtitized. A split pall
cap is necessary {or abandonment grouting as it makes 1l possible to pull probe rods wilthour discon-
necting the grout tube from the pump.

Raise the tool string approximaiely 4 o 6 inches (102 to 152 em) to allow removal of the grout plug.
Remove the pull cap.

Thread the grout plug push adaprer (GW-1540, Fig. 4.3) onto an exiension rod, Insert the adupter and
cxtension rod inside the probe rod string.  Add exlensions witil the adapler ¢ontaces the grout plug at
the bottorn of the screen. When the extension tods are slightly raised and kowered, a relatively sofl
rehound should be felt as the adapter contacts the grout plug. This is especially true when using w PVC
SUTETL.

Apply pressuee to the extension reds and push the groel plug out of the sercen. It working with a
sfainless steet screct. it may be necessary (0 raise and quickly luower the exzension rods {much like a
hammering action} to jar the plug feee. When the plug iy succusstully removed from the stuinless sreel
screen. & metul-on-metal sensation will be noted as the extension rods are quickly raised and lowered,

Note: Do rot attempt Lo harmmer on the grout pluy if utilizing 2 PYC sereen as the sereen may break.
A steady downward farce should dislodge rhe plog.

When the groat plug is pushed from the screen, remove all extension rods,

A grout norzle ((GW-1543) is now connected to polyethylene tubing and inserted into the probe rads
and down throupgh the bottom of the screen (Tig. 4.6). Witer How should be maintained through the
arout tubing and nozzle during deployment to prevent plugging the twbe with sediment. Rusistance
will be felt as the grout nozele passes through the drive head. Note this peint us the nozzle tip should
exil the end of lhe screen in approximately anorrer 92 inches (2337 mm). Mark the tubing ax desired.

bl
v
<

Sereen Point 13 Groundwater Sampler
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FIGURE 4.6
Grouting Through The Screen Point 15 Groundwater Sampler
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4.7

7.

Once fully deployed. the two spring-like wngues ar the end of the groul nezzle (Fig. 4.6 will cxpand
and prevent it from coming up out of the hole while pumnping grout. Gently pull up on the polyethylens
tubing o ensura thar the nozzle bas Tocked into place.

Note: All prube rods remain strung ou the tubing as the tool string is pulled. Provide extra tubing
fength to allow sufficient room 1o fay the rods on the ground as they are removed. An additional 3
percent langth is generatly enough.

Attach a sphit pull cap to the top probe rod. Position the polvethylene tubing in the pull cap slot laking
care not to pinch or hind the tubing, Operatc the grour pump while pulling the first tod. Remave the
split pull cap and unscrew the probe rod. Slide the rod over the tibing and place iton the ground neac
the end of the tubing to leave room [or the remaining probe rods.,

Repeat Step 5 until the sumpler is retrieved. Do not bend or kink the tubing when pulling and laying
out the probe tods. Sharp bends create weak spais in the tubing which may burst when purnping grout.
Remember o operate the grout pump only when pulling the rod string. “The probe hale is thus filled
with grout from the bottom up as the rods are extracied.

Prompily clean all probe rods and sampler parts before the prout sets up and clogs the equipment.

Retrieving the Screen Point 15 Sampler

If grouting is nol required, the Screen Poimt 15 sampler can be retiieved by pulling the probe rods as with
rmast other Geoprobe sumpling applications.

1.

Position the probe derrick and hammier assembly over the tool string, Thread a pull cap eoto the top
probe rod. Onee again, & sphit pull cap may be used Lo save time.

Lower the hammer latch over the pull cap and rerract the tool string one prabe rod length.

Remove the pull cap and top probe rod and repeat Step 2 until the sapler sheath is al he ground
surface.

Physically pull the sampler sheath and screen out of the ground taking care not to bend the screen on
the way out. The Screen Point 15 Groundwater Sampler is now retrieved and ready to decontaminate
for further use,

Standard Opwrating Procedurs Pape |7 Screen Point 13 Groundwter Sarnpler
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Equipment and ol specifications, including weights, dimenzions,
raterials, and aperating spacifications included in his broshure are
subiect to change without netice. VWhers specifications are crizical to

your application, pleasa cansult Geoprabz Systems.

COPYRNGHTE 1945 by Keyjr Engingearing, 1.
ALL RIGHTE RESERVED.
fo pait af this publication may be raproduced or transmitted in ary
form or by any mesns, electzonic or mechanical, insluding phctoragy,
recard:ing, or amy informaticn storage and retrievel system, without
parmessian i writing from Kejr Enginacnng, Inc.
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APPENDIX B
Oxygen and Hydrogen lostope Analysis of Water
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STABLE 2SOTOPE RATIO ARALYSIS {SIEA) LABORATONY
OXYGEN ISOTOPE ANALYSIS OF WATER

EREPARATION

For -oxygen SIRA, waeter samples are prepared using the CoOs/water
equilibration method of Epstein and Mayeds (see Geochimica et
Cosmochimlog Aota 4, 213224, 1953). In this teohnique, & kaowh
volume ol weter.sample im combined fn 2 sealed tube with @ known
valume af £0 Eas and mllowed .to equilibrate for at lemst 24 hours
at 2% .9C, Ai eochron, we normally combine 2 ml of water sample
{if svailable) with 5 <oSTP of Tenk COp gas in n standard 7 mi
vacutalner. (Smaller samplesz {eg. minéral water of hydratiocn) can
ba -acocommodated using 3 Micro-COs/uwater equilibratien technigue
developsd here at Geochron.) Affer equilibration, the COp gas is
aryagenically purified by passing it through- e dry 1ee/aleohal
trap -(=78,5 .9C) to remove HzD, and then trapped in two 1iquid
nitregen-traps (-196 0C). The frozen €0z i3 pumped-on tv a vacuum
of gt lesast 500 mbtorr te romove any non-condensible gasas, and
then coryogenioally trensferred to a sample flask and sca2led to
awalt onolysio on the mass apectroneter.

éﬁglggzg. - ..

& oxygen-i8/ouygen-16 ratio of the equilibrated COg gas 1is
determined on 2 VG -Micromass Ees sourcé shable isctope ratlo mass
speatrometer .(Model 303}, In practice, the actual ratis is not
measured directly, -but rather is determinad by comparison of the
aample .gas with 8 .reference COz gas. This method avolds many
possible .sourses of instrumental error since Both the reference
and .sample -gases .are.affected and the errcrz sre eress-canselling
in the calculation of the results,

Thiroe meuaurumegts gauh of the refersnce and sample gaseh are mads
allowing -four 150/780 ratios to be caliculates for statistieal
unmgnriann. If the Instrumental precision on tha measured oxygen
ratlos exceeds 0.08 ®/oo, the snalysis is rejected and the gas is
réerun.

Ihe .oxygen isatopio differense batwssn the Tank COp and the
#quilibrated CO2 {2 directly related to -the .cxygen isatoDe
composition .of the sample wataer., The latter san be caleoulated by
mass.balanee .aonslidergtions knawi?g t?g the volumes of sample
water and Tank CO» involved, the 190/19Q ratio of the Tank cnza
and the COp; - water oxygen isotepe fracticnation faester at 25 OC.

The.final SIRA results are reported in terms of the relative

differsnce - {deita value densted by the symbol § ) in parte per

%Eﬁﬂlgﬂd (tormed per mil, and -dencted . by-the symbel %/00) of the
0/160 patio of the gample relative o that of the intermationaily

Page 1 2 OCT 1996
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STARLE ISOTOPE EATIOC ARALYSIS (SIRL) LAPORATDRY

UXYGER ISOTOFPE AWALYSIS OF UATER
{cont.)
ANALYJIS (eopt,) :
anoepted stundard 3tandard Nean Ocearn Water (SMOW). The method
pracision for oxygen SIRA on water i3 about +/- 0.2 °%/00.

Duplicste preparntions and analyses are routinely dene on adout 1
in 10 samples, or when an anomalous result is susprcted. If the
results of duplicate analyses are not witbip 0.3 %/op of each
ather, the sample is prepared and analyzed again.

AR 1Y N .. R M - ME H 5K A .

Two -aliquots (Ref I and Ref II} of referance COp are produced
periodioally by resoticn of Geochron’s ip-house oarbornate (marble)
standard (COE-0101) with 100% orthophosphoris aald 1n an evacuated
reaotion vessel at .50 PC. After both referentcas gases have haan
RRALlYZed WitHh.reahedt. %o the previpus refzrence gas {if
ar2ilable), -they are analyzed agalnst each pther 3o that thelr
relative compositions are well characterized. One of the referance
" gases - (usually Ref I) iz then put into use, and ita nomposition 1s
nonitered by . porfedicelly analiyzing the other referenas, providing
an internal chesk sn Ltz enmposition. If the differencs in
agnpositieon batwsen Ref I snd Ref II ohanges by +/~ 0.2 9/00, two
nov reference gases are produged. :

The aalidbration of.fhe COs reference gases . is menitorsd by
pericdienlly analrzang-varinua internationel reference mwaterlals,
inoluding -SMOW ( £1%0 = B.Q.QIon}. and Stendard Light Antaretie
Freeipitation (SLAF - #1308 = 55,5 ®/og), However, in order to
conaerve theae standzard materials, an in-hcuse refersnce water
fOR-T6664) 1z malntained which has & 550 composition of -6.%
B/e0. ‘I the reaults of thess -analyses sre consistently > 0.2 or

£90.2 A/og off froem the accepted valuea, two new reference gases
are preduced.

Zero enriohment neasurements sre accompplished on & weekly basls.
Three.or more measurements zre taken and averaeged. X¥ the average

excaeds +/~ (,0% ¢/op, a zero enriohment {2 fnput into the
program.

Updated 2 OCT 1994

5iRA Laboratory Manager
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KRUEGER ENTERPRISES, INC.
P11 GONCORD AVENUE + CAMERDGE, MASSACHUSETTS 621380 + U.S. A '
TELEPHONE: (877] 0780691 TELEFAX: (617) 961-0149
STABLE ISOTOPE RATIO ANALYSIS (SIRA)Y LABORATORY

HYDROGEX ISOYDFE AMALYSIS OF SHATER
Uraniurm Reduotion

For %yﬂragea SIRA, hydrogen gas is geperated from each water.
sample by the uranium reduction methed., The watep (about three
micsrellters) 1a fntrodused i1nte the preparation line, doubly
distilled and passed through metallie uranium heated to 800 °C,
At this temperature, the water reaots with the uragium produoing
H5 gas, As the gas 15 produzed, it iz reacted to uraznium hgdrida
{Eﬁgi in an absorption reservoir of metallic uranium at B8O 5C.
Thio enaures that the reduction of water to H gows to aompletion.
The UHy 13 then gquantitatively decomposed back to Hy gas at

800 9C"and the.Hz ts introduced direstly inte the maas
spestrometer for analysis.

The mamory.effect caused by sdsorption of the 4a onto the uranium
metal has -a magnitude of ebout 3% for samples ol natural
compositiong. For differences of ¢ 50 /oo from one sample tc the
next, Lhe memory effect fs Iess thapn the analytical uncertainty of
the method whioh is +/= 2 O/co,.. If 3 difference of > 50 /00 1is
found between two samples, additional aliquots are prepared until
equilibrium ia obteined.

The iauEerium!HEErogen {D/E) ratic 1s datermined using a VG
Micromass -gas source stable isotope ratioc mass spectrometer (Model
502D). In practice, the sctuml ratic is not measured directly,
but rather 1y determined by comparison .of the sample Ha -gas with a
refersance . gas. This msthed aveids many possible aclrges of
inatruwmental error since both the reference and sample gasez are
affented and the errors azre ergsz—cancelling in the caleulation of
the results,

Four memmurements each of the referance anqd sample gases @re made
allewlng -3ix D/H ratios to be caleulated for statistieal
comparison,. Ir the instrumental preeision on the meastred .
hydrogen .ratios exseeds 1 9/¢a, the analysis {3 rejected and the
cas i8 rorun. ’

The raw data.are corrested for the produetion of A3* in the
anslyzer which is checked daily,

: 2 0CT 1906
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STABLE ISOTOPE BATLC ANALYSIS {3IRA) LARORATORY

ETOROGEN ISOTOPE ANALYAYS OF WATER
Uranive Reducstion
(eont.) )

ARALYSIS Coont,}

The finel SIRA results =re reported in terms of the palativa
diffarence.{dalta- value denoted by the gymbol -§ ) in parts per
thousand - (termed per mil, and dencted by the symbol 9/¢e) of thé
D/E ratio of the sampie relative to that of the interaationally
acoepted -standard -3tandard Yeapn Ocean Water (SMOW). The methed
precizion for hydrogen SIRA on water 18 about +/- 2 ®/oo.

Duplicate. preparations and analyses are routinely done on about 1
in 30 pamples, or.when an anomalous result is suspeated, If the
results. of duplicate analyses are net within 3 S/oo of each other,
the szapple is prepared and analyzed again,

MENT CA

Yhe.raference gas iz produses from an aliguot of loeal tap water
by the uranium raduction methed.

The referance Hs gas is calibrated with respest to.Standard Mean
Daean. Water -{SMOW -~ § D = 0 9/o00) apnd Standard Light Antarectie
Fresipitation (SLAP - £'D = -428 9/5e) using the method
recommended by the Intermational Atomlc Energy Agency {(see Nature
271, 53%-836, 1978)., Replicate snalyses of each standard are run
against the reforanne ges mnd the SHOW/SLAP seale 13 determnined.

The oalivration of .the reference gad is.checked periodianll; by
preparing end analywing additional gliquets of SMOW and SLAP,

&8 woll ns other refereénae materials including Greenland Ice Sheet
Precipitation {GI5F - FD = -190 %/o0).

Updated 2 OCT 19%6

Hursﬁ&llif. Uttef-
SIRA Laboratory Manager
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